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INTRODUCTION 
Fol lowing the discovery of the European corn borer, Pyrausta 
nubilalis (Hbn.), in the United States in 1917, numerous and varied 
methods have been employed in attempts to control this serious pest. 
These control measures have included every feasible method known to the 
entomologist including, in a broad sense, such things as chemical, cul­
tural , mechanical, and biological control as well as quarantines and the 
study of plant resistance. All have had their place in attempting to 
suppress this pest. However, no single method of control has been found 
that would completely subdue the corn borer so to keep the pest under 
reasonable control it has been necessary to use all available control meas­
ures. 
Although the use of disease organisms was included in the various 
methods tried for control of the European corn borer, such use was never 
carried beyond the experimental stage. Recent successes in the microbial 
control of some insects indicated that further study of the rolé of di­
sease organisms in European corn borer control might be profitable. Also 
the new method of using granular carriers for applying diseases to corn 
plants appeared promising. 
Control with diseases as a supplement to chemical control would be 
attractive from several viewpoints. It would provide an alternate method 
of control in case of reduced mortality from chemicals which might occur 
through the development of resistance by the borer to these chemicals. It 
would also be important if further restrictions were placed on the use of 
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chemicals on crops used for food or fodder. And it could conceivably 
serve as a supplemental method if the continued use of chemicals built up 
toxic residues in the soil. 
Thus with an encouraging outlook for success with diseases, and the 
possible future need for a new method of control, the present work was 
undertaken. 
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REVIEW OF LITERATURE 
The European Corn Borer 
Even though dealing with a specific problem in European corn borer 
control, it seems appropriate to present first a brief review of the 
overall picture of this serious pest. 
As the common name, European corn borer Implies, this is a pest of 
European origin. Vinal (1917) was the first to discover and report its 
presence in the United States in 1917. However, he reported that it had 
been a pest of sweet corn in the vicinity of Boston for several years. 
He further speculated that it was probably originally introduced about 
1910. Caffrey and Worthley (1927, p. 10) stated that "The investigations 
since 1917 have indicated that Vinal's estimate was probably very nearly 
correct, although the exact date is still unknown." 
A brief review of the systematic history and synonymy of this insect 
was given by Caffrey and Worthley (1927). The following points pertaining 
to the taxonomy are from their summary. In 1796 Hubner described and fig­
ured a male moth from Hungary as Pyralis nubilalis. Unfortunately from 
the taxonomic standpoint, he at the same time described and figured a fe­
male moth from Austria as _P. silacealis. In 1829 Treitschke showed that 
the supposed "species" merely^rypresented opposite sexes of the same 
species. Trei tschke, as well as Duponchel in 1831, adopted the name 
Pyral is si laceal is Hiibn. although recognizing that nubi la] is was the male 
of silacealis. Several taxonomists designated the species as silacealis 
but referred it to the genus Botrys erected by Latrei1 le in 1805. With 
collections throughout the Northern Hemisphere for many years it Is not 
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too surprising that Pyrausta nubi Talis Hbn. has a dozen synonyms. 
The foreign distribution of this pest is given by Caffrey and Worth-
ley (1927) as well as more detailed records in Europe by Babcock and 
Vance (1929) and Thompson and Parker (1928). A portion of Caffrey and 
Worth!ey1s (1927, p. 5) report seems worthy of inclusion to show the 
versatility of this insect. 
. . .  P .  nubilalIs has a wide geographical range in the Northern 
Hemisphere extending from approximately latitude 58° north 
(Livonia) to 13° north (Guam and the Philippines). Its climatic 
range embraces a very wide contrast of meteorological condi­
tions varying from the dry steppes of southeastern Russia 
(Tsaritsyn), where the annual mean temperature averages 44.6° F. 
and the precipitation 13.11 inches annually, to the warm equable 
temperatures of Guam, with an average annual mean of 81.7° F. and 
a mean precipitation of 97.27 inches annually. The species is 
also present in certain irrigated areas, notably in Egypt, Trans-
Caucasia, and southern France, where the temperature is rela­
tively high, but the rainfall in some cases is not sufficient to 
mature ordinary crops without irrigation. 
The dispersal of the European corn borer In the United States ranks as 
one of the more spectacular cases of spread of our several Insects of for­
eign origin. In 1917 it was found in an area of approximately 100 square 
miles north and northwest of Boston, Massachusetts. By 1924 it was found 
on the entire eastern shore of Massachusetts as we'i I as New Hampshire and 
southern Maine with scattered infestations on the southern shoreline of 
Connecticut and extending as far south as Long Island, New York. It had 
also become well established entirely around Lake Erie and portions of Lake 
Huron and Lake Ontario. A large area of infestation was also present in 
east-central New York with some extending into southwestern Vermont (Caf-
frey and Worthley 1927). Stirrett (1938) mentioned Its first discovery in 
two localities in Ontario, Canada in 1920. By 1922 it was found in most 
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of Kent, Essex and Lambert counties. He also stated that the borer in­
creased rapidly and by 1926 it ruined the entire corn crop of practically 
all of Essex and Kent counties. He stated that the damage in 1925 and 
1926 was the worst ever recorded in the history of the borer either in 
Europe or America. Drake, Decker and Harris (1944) mention its first 
discovery in Iowa in Clinton County in 1942. Their map indicates it was 
found in 20 of the eastern counties that same year. During 1943 it spread 
to 37 additional counties thus covering the entire eastern half of the 
state in two years. They also stated that its advance across Illinois 
and deep into Iowa was from 50 to 100 miles a year. In Kentucky, Ritcher 
(1947) reported that the borer was first found in that state in 1927. By 
1940 borers were found in only three counties in spite of the fact that all 
of the adjacent state of Ohio was infested. In 1942 ten of the river 
counties were infested. The year 1943 was apparently favorable for dis­
persal and an additional 40 counties were infested. By 1946 all of the 
central portion of Kentucky was infested. Alabama is one of the more re­
cent states to report establishment and spread of the European corn borer. 
Ruffin and Eden (1956) stated that the corn borer was first found in Ala­
bama in 1950. It spread but little until 1954. By the fall of 1955 it 
was in 14 counties. 
The European corn borer has not yet reached the Pacific Coast states, 
nor the area bordering the Gulf of Mexico (iverson 1957). The latter area 
seems particularly vulnerable since the northern portion of most of the 
Gulf States are already infested. How long the Pacific Coast states can 
remain free of this pest is problematic. 
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Host plants are many and varied. However, corn is one of the pre­
ferred host plants and from an economic viewpoint is by far the most im­
portant. Babcock and Vance (1929) reported that the original host plants 
of the European corn borer in Europe were probably wild grasses or wild 
hemp. Early reports of damage, according to these investigators, were 
on broomcorn, millet, hops, and hemp. With the increase in corn pro­
duction, the main damage shifted to corn, although other crops and weeds 
were infested to a limited extent. Thompson and Parker (1928) listed 
corn and mugwort (Artemesia vulgaris) as the favored hosts in Europe, with 
other cultivated crops and weeds slightly infested. In the United States, 
Caffrey and Worthley (1927) grouped the host plants under four categories 
as severely attacked, frequently, occasionally, and rarely attacked. The 
number of host plants in the respective groups were 18, 22, 40, and 91* or 
a total of 171. In several instances a genus was listed which would in­
clude several species. Clark (1939) mentioned 100 percent infestation of 
potatoes with an average of over five borers per plant in New Jersey. 
Semel (1957) considered potato as one of the principle hosts on Long 
Island, New York. In Alabama, Ruffin and Eden (1956) reported as much as 
65 percent of the pods of pimento pepper infested, as well as 60 percent 
of the corn stalks. Injury to peppers was from the third generation. This 
brief review indicates a wide diversity of host plants and is intended to 
show that corn is by no means the only crop that can be severely damaged. 
Probably every state that has become infested by the European corn 
borer has published at least a brief description of all stages in the life 
cycle and given a brief account of the seasonal history of this pest. Fed-
7 
era] and Canadian workers have also contributed to this fund of knowledge. 
In general, eggs are laid in masses of a few to as many as 100 or 
more eggs per mass, with an average of 15 to 20. These masses are laid 
on the foliage of plants; on corn they are usually on the under side of 
the leaves. Eggs hatch in six to seven days. Larvae complete their de­
velopment generally in 20 to 30 days, the time varying with temperature, 
host plant, sex, and probably other factors. The pupal period varies 
from 10 to 20 days again varying with temperature, sex, and the genera­
tion. Adult longevity is generally considered to be from 10 to 20 days. 
The European corn borer passes the winter as a fully mature larva. 
Pupation in the spring follows a fairly definite pattern of temperature 
accumulation as described by Apple (1952) and substantiated by several 
years' work by Weekman (1957). Moth emergence and oviposition are like­
wise governed largely by temperature. The number of generations that are 
produced in a year vary from one to three in the United States. Early 
workers found only one or two (Vinal 191%, Huber et al. 1928, Caffrey and 
Worthley 1927) but with the extension of the borer farther south other 
workers have found three (Jones et ah 1939, Ruffin and Eden 1956). 
The reactions of the insect have been studied and reported in detail 
by such workers as Caffrey and Worthley (192?), Huber et a]_. (1928), and 
Stirrett (1938). The important consideration from the standpoint of lar­
val reactions in relation to either chemical or microbial control is the 
fact that the majority of the larvae spend some time in the whorl of the 
plant and the leaf axils before tunneling into the stem. These reactions 
of the small borers have been studied in more detail by Barber and Dicke 
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(1944), Satchelder (1949), Dicke (1954), and Cox (1955). 
Control measures have been directed mainly against the larvae. Two 
separate categories of the larvae are involved, the overwintering larvae 
and the developing larvae on the plant. 
In the early era of the borer in the United States major control 
practices were directed toward the destruction of the overwintering lar­
vae. Caffrey (1935) advocated such practices as deep, clean plowing, 
feeding or burning the stalks, and destroying weeds. Several workers gave 
suggestions on equipment and methods for proper destruction of corn stalks. 
No satisfactory materials or methods were available for controlling the 
borer on plants although nicotine dust was mentioned as a possibility 
(Caffrey and Worthley 1927). Parasites were imported from Europe 
(Thompson and Parker 1928) and extensive liberations made» An analysis of 
the parasite situation up to 1940 was made by Baker and Bradley (1948). 
It was the hope of entomologists that the liberation of parasites and sub­
sequent build-up of the parasite population would be effective enough to 
hold the borer population at a level where it would be relatively non-
economic. In some years there has been an appreciable mortality of borers 
as a result of parasitization (Arbuthnot 1955> Blickenstaff et al. 1953» 
and York and Carter 1956) but the ideal situation of economic control has 
< " 
not been achieved. 
Control practices involving the application of botanical extracts had 
some degree of success. Nicotine dusts were one of the first to be used 
effectively on sweet corn (Beard and Turner 1942). Rotenone and ryania 
were also recommended. However, the price of materials and application 
practically restricted their use to sweet com. Baker and Bradley (1948) 
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recommended Ryania speciosa, rotenone powder or DDT for market sweet corn 
and hybrid seed. They suggested that the use of insecticides might 
eventually become practical even on sweet corn grown for the cannery and 
on field corn. Today that suggestion is a reality with thousands of acres 
' \ 
being treated every year in those areas where borer populations warrant 
'• - Y 
such treatment. 
Considerable attention has been given to the development of plant 
resistance to the European corn borer. European workers noted apprec-
'J 
iable differences in injury to different varieties (Roubaud 1929 and Vouk 
1930). Extensive experiments in plant breeding for the continuation and 
improvement of resistance has been carried on in the United States. Patch 
et al. (1^42) reported that the cumulative effect of multiple factors in 
producing borer resistance was clearly indicated. Dicke (1954) pointed 
. ' -
out some of the difficulties encountered in a breeding program. The 
United States Department of Agriculture (1955) stated that hybrids having 
three resistant lines commonly have 50 percent less borer survival ijthan 
hybrids with three susceptible lines. It is accordingly evident that con­
siderable progress has been made in breeding for resistance. Considering 
the great progress that has been made with other plants against other 
insects, the development of resistant varieties of corn may eventually 
lead to the most economical method of control. 
Insect Diseases 
The problem of insect disease is by no means a new one. Steinhaus 
(1956) has given a review of the situation through the nineteenth century. 
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He feels we should be permitted to speculate that man's first interests 
in insect pathology were with the silkworm and honey bee. And he mentions 
the historical beginning of practical sericulture as occurring about 2700 
B.C. He also mentions the writings of Aristotle and Pliny on diseases of 
the honey bee. In these older writings it is apparent that insects that 
caused trouble to the honey bee were considered as diseases, although 
foul brood was evidently discussed also. 
It is interesting to note that Kirby and Spence (1826) devoting a 
chapter to diseases of insects divided their discussion into two parts, 
accidental external or internal derangements, and parasitic assailants. 
Thus we have a long continuation of parasites being included as diseases. 
As a further insight into early thinking along the line of parasites and 
spontaneous generation, the following was of special interest to the 
writer. (Kirby and Spence 1826, p. 210.) 
The appearance of these little four-winged flies (referring to 
ichneumon parasites) puzzles much the early naturalists: — 
that a caterpillar usually turning to a moth or butterfly 
should give birth to myriads of flies, was one of those deep 
mysteries of nature which they knew not how to fathom; even 
the penetrating genius of our great Ray, though he ultimately 
ascertained the real fact, was at one time here quite at fault; 
for he seems at first to have thought, when from any defect or 
weakness nature could not bring a caterpillar to a butterfly, 
in order that her aim might not be entirely defeated, that she 
stopped short, and formed them into more imperfect animals. 
To attempt a thorough review of insect pathology seems quite unneces­
sary considering the coverage of this subject by Steinhaus (1949) and 
Steinhaus (1956). There can be little doubt that the study of silk worm 
diseases by such men as Bassi and Pasteur added much to our knowledge of 
the true nature of insect diseases. In attempting to control diseases, 
both men expressed the belief that destructive insects might be suppressed 
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by artificial production and spreading of disease organisms. 
To most entomologists, and especially taxonomists, the name H. A. 
Hagen is thought of in connection with his great contribution, Biblio-
theca Entomologica. However, Hagen (1879) was also quite interested in 
the control of insects by yeasts. Although his views of yeasts were not 
sound from the pathological standpoint, he nevertheless stimulated 
thought and work along this line. According to Steinhaus (1956) such men 
as J. H. Cornstock, C. V. Riley, J. H. Burns, and A. N. Prentiss tried the 
method but only Prentiss reported any degree of success. 
Somewhat later, extensive work with the white-fungus Beauveria 
globulifera was carried on against the chinch bug in Kansas, Minnesota, 
Illinois and other states (Steinhaus 1956). Major work in Kansas was by 
F. H. Snow, in Minnesota by 0. Lugger, and in Illinois by S. A. Forbes. 
Although the results appeared quite promising for a few years, this method 
of control was eventual 1 y dropped. Billings and Glenn (1911) made a study 
of the disease and distribution program and concluded that artificial dis­
tribution was of little or no value as long as there was a natural wide­
spread distribution of the organism. They were apparently justified in 
this conclusion from the type of experimental procedure which they fol­
lowed but to the writer there emerged several other ideas which warranted 
additional work and might have been somewhat more fruitful. 
In Europe, Elie Metchnikoff was experimenting with microorganisms in 
controlling agricultural pests as early as 1879. A review of this work is 
given by Steinhaus (1956) and the story of his life by Metchnikoff (1921). 
However, his outstanding work was in the field of immunity (Metchnikoff 
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1907). D'Herelle (1911) reported great success with a bacterium for the 
control of grasshoppers of the genus Schistocerca. Steinhaus (1949) 
gave an account of this and the probable reason for failure in later 
work. This work was of particular interest to the writer, having car­
ried on limited work with diseases of the grasshoppers in Montana, in­
cluding presumably the same organism, now designated as Aerobacter 
aerogenes var. acrldiorum d'Her. 
Pail lot (1933) published a very interest ing and quite thorough cover­
age of the insect diseases, Of special interest from the standpoint of 
fungus diseases, and specifically Beauveria bassiana was the fact that 
there was no loss of virulence after two years of culturing on an arti­
ficial medium. This is in marked contrast to some of the bacterial di­
seases. 
An outstanding case of microbial control, is the use of the bacteria 
Baci1 lus popi11iae Dutky and Bacillus lentimorbus Dutky in controlling the 
Japanese beetle. By producing spores and spreading them in areas infested 
by the beetle, very marked reductions in the larval population have been 
obtained. (White and Dutky 1940.) 
Diseases of the European Corn Borer 
The work on diseases of the European corn borer is mentioned by 
Steinhaus (1949) in several places. In discussing early experiments in 
regard to control he states (p. 673) 
If we are to judge from the published accounts of these in­
vestigators, certain bacteria are among the most effective 
agents known for controlling the corn borer. For some reason, 
which the writer has never been able to ascertain with cer­
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tainty, these successful reports ceased shortly after 
1930, and one is left in the dark as to why the bacterial 
method of control did not blossom into general use. 
Steinhaus no doubt referred particularly to the Scientific Reports of the 
International Corn Borer Investigations. For instance in Vol. 1 were five 
articles on bacteria and fungi as agents for inducing mortality. Husz 
(1928) gave data on the pathogenicity of Bacillus thuringiensis Berl. 
Metalnikov and Chorine (1928) listed several new bacteria. Likewise in 
Vol. 2 were articles on bacteria by Chorine (1929), Metalnikov and 
Chorine (1929), and Husz (1929), and one on fungus by Wallengren and 
Johansson (1929). Chorine (1929) gave the morphology, staining, cultural 
characteristics and effect on host of five new species of bacteria as well 
as the characteristics of Bacterium (Bacillus) thuringiensis Berlinger. 
With regard to B. thuringiensis be stated that this bacterium ranked among 
the most virulent towards the corn borer. Metalnikov and Chorine (1929) 
sprayed plants in the field with several bacteria, then infested each plant 
with 50 newly hatched larvae. At the end of the season the average number 
of borers from 15 plants was 1.3 and 1.4 on two sets treated with J3, 
thuringiensis, 7.3 for B. canadensis and 16.7 for the untreated corn. Two 
other bacteria and a bacterial mixture were also used. They stated that 
among the four most virulent corn borer killing bacteria, B. thuringiensis 
was obviously the most effective in field experiments. Wallengren and 
Johansson (1929) checked a number of fungi pathogenic to insects and 
concluded that Metarrhizium anisopliae was the most potent against the com 
borer. In fact they stated (p. 135) 
The results of our experiments is that the mycosis in corn 
borer larvae produced by Metarrhizium anisopliae has a death 
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rate of 100 percent. 
Later Wallengren (1930) dusted plants and obtained mortalities of 99 and 
100 percent. 
Volumes 3 and 4 also contain several articles on control experiments 
with bacteria and fungi. The comments by £1 linger (1931) seem appropriate 
in summing up the work on pathogenic organisms by the International Corn 
Borer Investigations, quoted in part as follows: 
The positive results, therefore, support the conviction that 
pathogenic bacteria and fungi may be used successfully in the 
fight against noxious insects; the negative results warn that 
continued experimentation and painstaking research regarding 
the biological properties of the microorganisms are essential 
to prevent occasional disappointments in their practical appli­
cation. 
Experiments with the fungus Beauveria bassiana and B. globulifera for 
control of the European corn borer were started in the United States at 
about the same time the work on microorganisms for corn borer control was 
being conducted in Europe. Lefebvre (1931) worked primarily on the 
characteristics and culturing of the two species of Beauverta. His inter­
est in this field of research resulted from a high percentage of infection 
in corn borers that were imported from Manchuria for parasite recoveries. 
In another publication, Lefebvre (1934) demonstrated the penetration of the 
fungus through the chitin of the European corn borer and subsequent growth 
of the organism. He also thought it probable that infection could take 
place from the digestive tract. Bartlett and Lefebvre (1934) applied spores 
to plants in the field which caused as much as 70 percent mortality to the 
larvae. 
Somewhat later Stirrett et al. (1937) conducted somewhat more exten­
sive tests in Canada. They used early, late, and double applications at 40 
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grams of spores per acre. The 40 grams of spores were incorporated in 16 
pounds of flour. Reduction of the population was only 21 percent for the 
early application, but 63 percent for the late and double applications. 
More extensive experiments were conducted by Beall et aV. (1939). These 
workers used two levels of 10 and 40 grams of spores per acre and applied 
at three different dates. White wheat flour at the rate of 16 pounds per 
acre was used as the carrier for the spores. The 10 gram spore application 
gave slightly less reduction of the population than the 40 gram rate. With 
respect to time of application, the mortality increased consistently from 
the earliest to the last date. 
Steinhaus (1952) reported on diseased European corn borer larvae 
which he received from Iowa and Ohio. Beauveria alone or with other organ­
isms was found in 50 percent of the diseased specimens. Several bacteria 
were found but these did not include Bacillus thuringiensis. 
McConnell and Cutkomp (1954) carried on extensive laboratory and 
limited field tests with Bacillus thuringiensis for control of the European 
corn borer. Their laboratory work showed quite conclusively that as the 
spore count increased the percent mortality increased; also when the spore 
count was held constant the rapidity of mortality increased as the temper­
ature increased. Two small scale field tests were made and in one no mor­
tality was evident while in the other it amounted to 80 percent. On the 
basis of these limited tests they stated (p. 1080) ". . . the results in­
dicate that this bacterium does not constitute a practical means of treat­
ment for this insect." Since they made only the two limited field tests 
and one of these appeared quite promising, additional work seemed warranted. 
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MATERIALS AND METHODS 
Origin of Disease Organisms 
The fungus Seauveria bassiana (Bals.) Vuill. was obtained from 
European corn borer larvae that were found during the processing of numer­
ous larvae for parasite records. Processing involved the removal of the 
borers from shipping cartons, placing them individually in small vials 
and holding them in constant temperature cabinets with proper humidity 
until parasites emerged or the larvae pupated. The larvae were sent in 
by entomologists from various states infested by the corn borer. No 
records were made of the origin of the diseased borers but it is believed 
that at least a few were obtained from all states that submitted speci­
mens. The percentage of borers infected with B, bassiana was low, so no 
records were kept on the number of diseased borers. This was in sharp 
contrast to the amount of disease found in borers that were transported 
long distances for parasite rearings, as mentioned by Lefebvre (1931), 
Cartwright (1933) and Peterson (1955). The taxonomic status of Beauveria 
and closely related genera of fungi has been reviewed and modified by 
MacLeod (1954). He placed 12 former "so-called species11 as strains of 
Beaaveria bassiana and B, tenella. He also mentioned that all cultures of 
these two species were heterogeneous in spore shape, the criterion used 
for taxonomic separation, and that future work might justify a merging of 
the two species. In view of this situation, and also for the sake of 
simplicity, all future references in this study will be to the generic 
designation, Beauveria. 
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Bacillus thuringiensis Berlinger was obtained from Dr. C. G. Thompson 
of the Insect Pathology Laboratory of the U.S.D.A. at Beltsvilie, Maryland. 
Several grams of spores were received in mid-May of 1956. The spores were 
produced on 2 percent Bactopeptone agar under date of April 17* 1952. 
Some confusion persists regarding the nomenclature of Bacillus-
thuringiensis Berlinger. Steinhaus (1949, 1951) and Steinhaus and Jerrel 
(1954) reviewed the taxonomic position of B. thuringiensis especially in 
relation to Bacillus cereus Frankland and Frankland, and closely related 
species. Based on cultural and infectivity tests Steinhaus (1951) elected 
to retain the designation B, thuringiensis even though future studies 
might show this organism to be a variety of B. cereus. 
Culturing of Organisms 
Pure cultures of Beauveria were obtained by using standard bacteriol­
ogical procedures. The fungus, obtained from diseased larvae, was streaked 
on agar slants and transferred until pure cultures were obtained. Both 
corn meal agar and nutrient agar were used. Although there was a differ­
ence in growth characteristics of the fungus on the two media, there was 
no detectable difference in pathogenicity of the organism to the corn borer. 
Beauveria in quantities sufficient for field applications was cultured 
on sterilized bran. Equal parts of bran and water were mixed in 1000 milli­
liter Erlènmeyer flasks and sterilized at 15 pounds pressure for 15 to 20 
minutes. After cooling, the flasks were inoculated by passing a sterilized 
needle over the pure cultures on agar and inserting the needle in the top 
of the flask. A sharp thump or two of the needle handle dislodged a number 
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of the spores. The flask was then agitated sufficiently to mix the spores 
through the bran. After inoculation the flasks were placed in a tempera­
ture cabinet held at 80° F. or were left at room temperature. The flasks 
were agitated at the end of three days to prevent the formation of a 
dense and elastic mycelial growth. The fungus spores were mature in seven 
days. Typical examples of mature Beauveria in flasks are shown in figure 
1. The method of culturing Beauveria on bran was similar to that described 
by McCoy and Carver (1941). 
Bacillus thuringiensis for field applications was cultured on steril­
ized bran. Although the culturing of B. thuringiensis on nutrient agar 
has been reported by Chorine (1929), Steinhaus (1951), and McConnell and 
Cutkomp (1954) the use of bran was considered cheaper and easier. The cul­
ture medium was prepared by mixing 1 kilogram of bran with 2 liters of 
water. The mixture was placed in 18 x 18 inch sheet metal trays, covered 
with two sheets of wrapping paper and sterilized for 20 minutes at 15 
pounds pressure. After cooling, the culture medium was surface inoculated 
with the B. thuringiensis obtained from Dr. Thompson. It was stirred with 
a sterilized spoon to distribute the organism through the culture medium. 
The time for growth and spore formation of B. thuringiensis was five days 
at 80° F. 
Processing of Cultured Organisms 
After Beauveria reached maturity, the contents of the flasks were 
emptied on sheets of wrapping paper asd allowed to dry» Any free moisture 
in the flasks was poured off before emptying. A long knife or flat stick 
was used to break up the mixture to facilitate removal, and to scrape the 
Si 
Figure 1. Beauveria bassiana cultured in flasks and ready for 




sides of the flask. A sheet of wrapping paper was placed over the drying 
material to reduce contamination from the air. 
When dry, the bran-Beauveria mixture was gently shifted to the center 
of the paper, the edges folded over, then rolled Into a bundle for storage. 
Gentle manipulation of the dried material was necessary to prevent the 
spores from drifting away. Care should be taken in handling spore contain­
ing materials as exposure to the spores can cause a marked debilitation. 
This aspect of the problem will be discussed later. Dried material was 
stored in the form described from a few days to two months before further 
processing for field use. 
Several methods were used for handling the dried material depending 
on the type of field application. In the early work the dried bran-
Beauveria^ mixture was simply broken up by band and mixed with the carrier. 
For sprays the dry mixture was placed in several layers of cheesecloth, 
immersed in water, then worked between the hands. This released the spores 
in the water but retained the larger bran particles that would otherwise 
clog the nozzles. 
For the 1956 work the dried bran-Beauveria mixture was placed on an 
open 30-mesh screen and agitated by band. The resulting high concentration 
of Beauveria spores with some small bran particles was the standard mater­
ial used for comparative tests. 
In 1957 the mixture was run through a Hobart mill at the number two 
setting which was next to the finest grind possible with this mill. Con­
siderable difficulty was experienced as the mixture did not flow freely 
and would often stop the machine. After grinding, the mixture was placed 
in small batches on a number 30 U. S. standard sieve and agitated on a 
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Cenco-MeInzer sieve shaker for 5 minutes at the number six setting. The 
resulting concentration of Beauveria spores was used as the standard for 
work in 1957. 
Bac il 1us thuringi ens i sr cultures of spores were dried and stored in 
the same manner as Beauveria. In 1956 the mixture was ground to some 
extent by hand with a mortar and pestle but remained in a rather coarse 
state. In 1957 it was ground in the Hobart mill at the same setting as 
for Beauveria. In both years the entire bran-B. thuringiensis mixture was 
used. No attempt was made to obtain a concentration of the bacterial 
spores. 
Mixing and Applying Disease Organisms 
Various methods of mixing disease organisms with granular carriers 
were used. In early work the materials were placed In cardboard ice cream 
cartons and agitated by hand. Later a ball mill with three baffles instead 
of pebbles was used. Also some of the mixing was even done in an open box 
using a hoe for stirring. During 1957 most of the mixing was done in a 
power driven cement mixer fitted with a metal cover. 
Disease organisms were applied to corn plants as dust, sprays, and 
granular carriers. Following preliminary work with the three methods, all 
work was shifted to granular carriers. The only dust used was white wheat 
fïour which was sifted onto the plants. Spray mixtures were prepared with 
plain tap water or water with a detergent added. They were applied with a 
knapsack sprayer. Granular carriers used were attapulgite, bentonite, and 
corn meal. Attapulgite and bentonite in the 30-60 mesh particle size range 
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were used. Corn meal was found to have particle sizes similar to the two 
commercial granules. Granules were applied either by hand or by a high-
clearance granular applicator. The hand method consisted of taking small 
amounts between the thumb and fingers and gently manipulating the hand to 
allow the material to sift down on the plant. For tall plants the small 
pinches of granules were tossed at the upper portion of the corn plant and 
then augmented by some application to the lower leaves. 
The high-clearance machine used for applying granules is shown in 
figure 2. The main portion of the machine was a commercially available 
high-clearance machine manufactured by Hagie Manufacturing Co. of Clarion, 
Iowa. The applicator was designed and built by Mr. Walter G. Lovely of the 
Agricultural Engineering Research Division of the United States Department 
of Agriculture cooperating with the Iowa Agricultural Experiment Station. 
This machine has been used for several years for the experimental applica­
tion of granules impregnated with insecticides. Principal features that 
made this machine effective in these studies were its easy adjustment for 
height, and rate of flow. These were of course very important when working 
with different rates per acre and applying materials to corn in all stages 
of growth. 
Determination of Mortality 
The mortality of larvae on corn plants, resulting from the applica­
tion of disease organisms, was determined in the same manner as that used 
for evaluating Insecticides. This procedure consisted of cutting the 
entire corn stalks into sections sufficiently small to locate all larvae. 
In addition to cutting the stalk, the midrib of all leaves was carefully 
Figure 2. High-clearance machine used for applying granules 
inoculated with disease organisms. 
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examined, and a careful check made of the entire plant surface for mi­
grating borers. Live borers found on treated plants were compared with 
the number found on untreated plants for determining the degree of control. 
In some of the early experiments an attempt was made to determine 
actual mortality by counting both live and dead borers on the plant. 
Borers killed by Beauveria could be readily recognized. Typical examples 
are shown in figures 3 and 4. However, the method had two serious dis­
advantages. Very small larvae might easily be overlooked. This becomes 
quite evident from an examination of figure 5 where a dead first instar 
larva can be compared in size to particles of corn meal. Since these 
small dead larvae had to remain on the plant for three or four weeks be­
fore observations on mortality could be made it was apparent that most of 
them would be disintegrated in this period of time. The other disadvantage 
was that large larvae infected with the disease and crawling about in a 
weakened condition might drop to the ground and be lost. Bartlett and 
Lefebvre (1934) did some work in determining actual mortality and con­
cluded the method was unsatisfactory. 
Either 10 or 20 plants, taken at random, were examined from each 
plot. The number depended on the borer infestation, and the time and man­
power available. A number of people were hired for dissecting corn plants 
for determining mortality. 
Location of Work 
All experimental work was carried on at the Ankeny corn borer lab­
oratory, Ankeny, Iowa. This laboratory is the headquarters for all work on 
European corn borer control conducted by the Entomology Research Division 
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of the Agricultural Research Service of the United States Department of 
Agriculture. AU tests on field corn were carried out on commercial hybrid 
corn grown by the Ankeny Farm Service of Iowa State College. 
Figure 3* Remains of third instar larva in midrib of corn leaf. 
Body covered with white mycelia of Beauveria bassiana 
but dark head capsule intact. 

Figure 4. Fifth instar European corn borer larvae killed by 
Beauveria bassiana» Specimens were on leaf sheaths 
when they succumbed to disease. 
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Figure 5» First instar larvae of European corn borer killed by 




RESULTS AND DISCUSSION 
Experiments in 1954 
Preliminary work in 1954 was devoted to inoculation tests on fifth 
instar overwintering larvae, methods of culturing Beauveria. the effect 
of detergents in water sprays, the effect of pressure on Beauveria spores, 
and the application of sprays to corn plants. 
Three types of Inoculation were tested. These were by rubbing a 
small amount of spore suspension on the dorsum of the larvae, dipping the 
larvae in a spore suspension, and puncturing the cuticle with a needle 
dipped in the spore suspension. Ten larvae were used for each treatment. 
Inoculations were made on April 6, 1954 and specimens were placed in a 
temperature cabinet at 80° F. and 80 percent relative humidity. On 
April 13 all ten dipped in the spore suspension were dead and two were 
showing external mycelia. Only four and five were dead by the dorsal 
application and puncturing treatments, respectively, at this date. How­
ever by April 19, nine were dead from the dorsal application and all were 
dead from the puncturing treatment. Dense mycelial growth was present on 
all specimens that had been dead for several days. Larvae dipped in dis­
til led water remained in a normal condition. Since this work clearly 
showed that larvae were readily infected with Beauveria by external contact 
no further comparative inoculation tests were made. 
As it was felt that the addition of a wetting agent in sprays for 
applying Beauveria to corn plants might increase the amount of infection, 
a laboratory test was conducted to determine if any adverse influence on 
the spores could be detected. Two materials, FAB (a commercial detergent) 
and Triton X-150 were used at the rate of I gram to 100 ml. water. This 
concentration was far in excess of that anticipated for field use but it 
was felt that if these concentrations killed the spores then more dilute 
solutions could be used until a satisfactory dilution was reached. Spores 
were left in these high concentrations for 3i hours. Larvae were then 
dipped in the solutions and placed individually in vials for subsequent 
disease development. Mortality was 80 to 100 percent with no apparent 
difference between the treatments. It was thus evident that the heavy 
concentrations of the wetting agents had no deleterious influence on the 
Beauveria spores. In addition to checking the wetting agents on the live 
borers, several tests were made by transferring the solutions to agar 
slants and observing growth of the organism. Even after 24 hours in the 
solutions the Beauveria reproduced in a normal manner on the agar. 
Two tests were made to determine the effect of pressure and subse­
quent rapid release of pressure on Beauveria spores. The spores were 
placed in water then subjected to 40 pounds pressure. This pressure was 
maintained through the use of a reduction valve connected to a compressed 
air source maintained at 120 pounds pressure. Samples of the water and 
spore mixture were released through a spray nozzle after 5 minutes, 3 
hours, and 27 hours. These samples were sprayed on fifth instar larvae to 
check subsequent development of the disease. In all cases mortality was 
90 to 100 percent. There was accordingly no adverse effect from the pres­
sure or the rapid release of the pressure. 
The fact that wetting agents and sustained pressure had no apparent 
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deleterious effect on Beauveria spores indicated that sprays would be 
satisfactory for field applications of this organism. Accordingly a spray 
was made by removing the bran-Beauveria mixture from the culture flasks and 
placing it in a small amount of water followed by thorough agitation. This 
mixture was strained through a fine mesh screen to remove bran particles. 
The resulting solution had a high spore concentration as determined by 
microscopic examination, so it was diluted with ten parts water. Three 
small-scale field tests were made. The spray was applied quite light to 
one group of plants and considerably heavier with some runoff to another 
group. FAB was added at the rate of 1-800 and applied to a third group of 
plants. 
Before making the field applications the sprays were applied to larvae 
in the laboratory. The laboratory work was disappointing as only one of 
ten treated with the water spray died and five of the ten died from sprays 
to which FAB had been added. Previous work had indicated that 80 to 100 
percent mortality should be expected. The supposed explanation for this low 
mortality was that the Beauveria had been retained in the flasks in a moist 
condition and this had caused a marked deterioration of the sporws. 
Although a few dead specimens of corn borer were observed in the 
field, obviously killed by Beauveria, the mortality was considered too 
light to warrant the time and expense of a complete dissection of the corn 
plants. 
Since fungus diseases of insects are considered to be highly dependent 
on proper moisture conditions for effective control, two laboratory exper­
iments were made for comparing moist and dry conditions following inocula­
tion of corn borer larvae. In the first experiment temperature dabinets 
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were adjusted to operate at 80° F. and 80 percent relative humidity, 85° F. 
and 15 percent relative humidity, and 75° F. and 17 percent relative hu­
midity. Mortality was 90 percent in the high humidity cabinet and 100 per­
cent in both of the low humidity cabinets. Following death the specimens 
in the high relative humidity cabinet produced typical exterior mycelia 
while those in the low humidity cabinets turned somewhat brownish and were 
in a mummified condition. Several of these mummified specimens were ex­
amined under the microscope and were found to contain dense mycelial 
growth within the body cavity. Several days following the termination of 
this experiment some of the dried specimens were placed in a high humidity 
cabinet and produced typical exterior mycelia. 
In the second experiment only the 85° F. temperature with 10 percent 
relative humidity was used with treated and untreated insects in the same 
cabinet. At the end of six days all inoculated specimens were dead and 
all untreated insects were alive. The dead insects soon dried and were 
in the same condition as in the previous experiment. It was thus apparent 
that once inoculation was obtained the development of the organism within 
the body of the insect proceeded at a normal rate and caused the death of 
the insect. The high humidity was necessary only for the full development 
and reproduction of Beauveria when the European corn borer was the host. 
Experiments in 1955 
Considerable preliminary work was carried on in the laboratory early 
in the spring to obtain pure cultures of Beauveria on agar slants, and to 
determine the most satisfactory procedures for culturing the organism on 
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bran. 
The culturing on agar slants was of a routine nature which consisted 
of transferring Beauveria spores on a sterile needle from diseased larvae 
to the agar slants. Two agars were used, corn meal and nutrient (both 
Difco products). In cases of contamination by other organisms, isolated 
colonies of Beauveria were used for subsequent transfers to obtain pure 
cultures. Although there was a perceptible difference in growth character­
istics on the two agars, there was no apparent difference in pathogenicity 
to overwintering larvae. Also no differences in virulence could be found 
from the various cultures that were taken from different diseased larvae. 
The use of bran for producing Beauveria in large quantities was des­
cribed by McCoy and Carver (1941). They recommended that two liter flasks 
should not be more than half filled, and that bran and water be mixed in 
the ratio of one part bran to one and one-half parts water. Since flasks 
used in this study were of one liter capacity, it seemed advisable to 
check on the optimum amount of bran to use. Fifty, 75» and 100 grams of 
bran were tried and the corresponding one and one-half parts water added. 
These were mixed in the flasks by rotating and jarring. Although Beauveria 
grew well on all three amounts of bran, the uniformity of growth and utili­
zation of the bran appeared better on the 50 gram batches. 
With one part bran to ohe and one-half parts water there was an accum­
ulation of water in the flasks at the end of the growth period. To reduce 
or eliminate this water different proportions of bran and water were used. 
These proportions of bran to water were 1 to 0.75, I to I, and I to 1.25. 
After several tests with these combinations it was found that one part bran 
to 0.75 parts water was too dry for proper germination and growth. However, 
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the 1 to 1 ratio was quite satisfactory and had only a small quantity of 
free moisture accumulating in the flask. This 1 to 1 ratio of bran to 
water accordingly was used in all subsequent culturing of Beauveria on 
bran. 
Although bran was used exclusively for mass production of Beauveria 
in these studies, a number of other plant products have been used (Lefebvre 
1931» Dresner 1949). The price, availability, and culturing characteris­
tics of these various materials would need careful consideration if large 
scale commercial production was ever undertaken. 
Since the work in 1954 had indicated there was a deterioration of the 
spores from remaining in the flasks, the drying process was started in 
1955. This procedure has been mentioned earlier. Only one group of ten 
flasks was dried for the 1955 field work. 
Based on the highly satisfactory results that had been obtained from 
granular carriers for insecticides, it was decided to try a granular mater­
ial for applying Beauveria spores. Corn meal was selected as it appeared 
to have qualities similar to the commercially prepared granular carriers. 
In addition, since it had been used by other workers as a culture medium, 
it was felt that it might serve this same purpose on the corn plant thus 
greatly increasing the possibility of infection of the corn borer larvae. 
Anyone who has cut up corn plants is aware of the large amount of free 
water in the whorls and leaf axils and leaf sheaths which would supply 
plenty of moisture for growth of the organisms. 
All applications of granular materials in 1955 were made by hand by 
sifting the granules over the plants. This allowed the materials to fall 
on the leaves and roll to the center of the plant. In other words with the 
4o 
leaves coming up and out from the stalk there was a decided funnelling 
action to concentrate the granules in the whorl and leaf axils. 
The first application of corn meal with Beauveria incorporated was 
made on June 11, 1955. Since the main objective was to determine if this 
method would kill an appreciable number of borers, the amount of Beauveria 
was not definitely known* Several teaspoonfuls, which seemed adequate, 
were added to about a pound of the corn meal and then thoroughly mixed. 
This was applied to four groups of 20 plants each, with an equal number of 
untreated check plants. Egg masses were added to some of the plants to 
insure a good infestation. 
Some early observations four and five days after the application 
showed that first instar larvae were being killed. This was the usual per­
iod of time for mortality by direct contact with the spores. One of these 
specimens is shown in figure 5 with corn meal particles for comparison of 
size. It was apparent the mortality was occurring as the result of di­
rect contact with the spores, and was prior to any reproduction of the 
organism on the corn meal. As a result of these observations other ex­
periments were started using attapulgite RVM-AA 30-60 mesh granules; and 
since appreciable mortality was apparent methods of applying Beauveria in 
addition to granules seemed In order. 
Dissections of these four groups of plants were made at different 
dates. This seemed logical In order to obtain as much Information as pos­
sible regarding growth of the organism on the plant and its relation to 
subsequent control. The first group of plants was dissected on June 29 and 
30. The untreated plants had a total of 122 live borers while the treated 
plants had only 43, or a reduction of 64.8 percent. During these dissec-
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tions a record was kept of al 1 dead borers observed on the treated plants. 
These amounted to 50. On the basis of 50 dead and 43 alive the mortality 
was 53.8 percent. It was apparent that such small objects as first instar 
larvae that had been dead for several days could be easily overlooked, 
hence the comparison of live borers on the treated and untreated plants 
was undoubtedly the most accurate method of determining mortality. 
The second group of plants was dissected July 7 and had 45 larvae 
alive in the untreated and 16 alive in the treated, or a reduction of 64.4 
percent. The third group was dissected July 15 and had 43 in the untreated 
and six in the treated or a reduction of 86.0 percent. The fourth dis­
section was on July 22 when 20 were found in the untreated and eight in 
the treated, amounting to a reduction of 60 percent. 
The sequence of dissections showed the typical reduction of the larval 
population on the untreated plants commonly referred to as natural mortal­
ity. In spite of this there was a very perceptible mortality from the 
Beauveria which showed up in all the dissections. 
Three replicates of 20 plants per treatment were made with attapulgite 
granules and corn meal. The attapulgite granules were innoculated in the 
same manner as the corn meal. Materials were applied on June 14. Dis­
sections were made July 11 and 12. The total number of larvae and per­
cent control are shown in table 1. 
It may be noted in table 1 that mortality was consistently higher on 
the plants treated with corn meal than on those treated with attapulgite. 
There was, however, a good kill obtained from the attapulgite granules. 
Beauveria spores were applied in spray formulations. Both plain water 
and water with TREND, a commercial detergent as a wetting agent, were used. 
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Table 1. Number of larvae and percent control following treatment with 
Beauveria spores on granular carriers, 1955. 
Treatments 
Check Corn 1 meal Attaoulqite granules 
Reelicate Larvae Larvae % control Larvae % control 
1 69 7 89.8 8 88.4 
2 59 13 78.0 19 68.0 
3 60 17 71.7 21 65.0 
Total 188 37 80.4 48 74.5 
Some of the plants had extra egg masses added in an attempt to secure a 
moderate infestation. Only two of the three replicates were dissected as 
there was no detectable mortality from the treatments. Excessive dryness 
apparently caused a high borer mortality in the checks as well as the 
treated plots. 
The fourth experiment was started on June 17. Corn meal and attapul­
gite granules treated with Beauveria were applied to small plots four rows 
wide by 33 feet long. Dissections of 20 plants taken at random from each 
treatment were made on July 13. The check had a total of 63 larvae, the 
corn meal 7» and the attapulgite 23. This gave a corn borer control of 88.8 
percent for the corn meal and 63.5 percent for the attapulgite. 
In another experiment a spray with TREND as a wetting agent was in­
cluded with the corn meal and attapulgite. The applications were made 
June 22. Plots, as in the previous experiment, were four rows wide by 33 
feet long. Dissections of 20 plants per treatment were made July 13 and 
14. Results showed 59 larvae in the check, 19 for the spray, 4 for the 
corn meal, and 6 for the attapulgite. On the basis of percent control 
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these were 68.0, 93.2, and 89.8, respectively. 
The last experiment on the first brood in 1955 had five treatments 
and the check. In addition to the three materials used in the above exper­
iment, plain water as a spray and white wheat flour as a dust were added. 
Plots were the same size as in the previous experiment. Applications were 
made on June 24. By this time larvae were well advanced in growth and 
some had reached the fifth instar. Dissections were made on July 14. In 
spite of the lateness of the application very good control was secured. 
The number of borers from 20 plants were: check 57, corn meal 5, attapul­
gite 10, spray with TREND 10, plain water spray 19» and flour 15. The per­
cent control was: corn meal 91.2, attapulgite 82.4, spray with TREND 82.4, 
plain water spray 66.7, and flour 73.7 
Since the main object of the work in 1955 was to determine if apprec­
iable control of the European corn borer could be obtained by applying 
Beauveria spores, the plots were not replicated; however, a summary of all 
experiments in 1955» shown in table 2, indicates an advantage in using 
corn meal as a method of application. In all instances where two or more 
methods of application were used the corn meal gave better control than 
any of the others. 
The results of the work on first brood control in 1955 showed quite 
conclusively that good control could be obtained. Furthermore it was of 
special interest from the standpoint of a fungous disease, that only .02 
inch of precipitation was recorded between the period of June 12 to 27. 
This was a period of 15 days with virtually no rainfall. Since fungous 
diseases are generally conceded to be largely dependent on an abundance 
of moisture this seems quite remarkable. Presumably the reason for this 
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Table 2. Summary of percent control of first brood larvae from Beauveria 
spores applied by different carriers, 1955. 
Carriers 
Date of Corn Attapulgite Water plus 
appl i cat ion meal granules Water detergent Flour 
June 11 69 
14 80 74 
14 - - 0 0 
17 89 64 - -
22 93 90 - 68 
24 91 82 67 82 
success under dry atmospheric conditions was due to the fact that corn 
plants bad an abundance of moisture where the organisms and larvae were 
concentrated. The general assumption that moisture is necessary for the 
growth of a fungus is still valid but the moisture was supplied by the 
plants and after infection it is supplied by the host insect. 
Following the successful application of Beauveria for control of the 
first brood larvae, one experiment was designed to gather information on 
the possible control of the second brood. In this experiment five treat­
ments plus the check were replicated four times. Treatments were randomly 
distributed. They consisted of corn meal, attapulgite granules, bentonite 
granules, plain water spray, water with TREND, and the check. The appli­
cation of granular materials was 45 grams per plot or the equivalent of 10 
pounds per acre. Sprays were applied at 1 quart per plot or the equiva­
lent of 25 gallons per acre. It was recognized before starting that the 
second brood population was low but it was the best field available. The 
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granules were applied August 9 and the sprays August 10. Dissections were 
made September 28 and 29. The total number of borers from 40 plants, that 
is 10 from each replicate was: check 36, corn meal 21, attapulgite 22, 
bentoni te 24, plain spray 23, and spray with TREND 27. The percent con­
trol based on these figures was corn meal 42, attapulgite 39, benton i te 
33, plain spray 36, and spray with TREND 25. These results were consider­
ed inadequate for satisfactory control of the second brood. Of course the 
population was so low that no type of control would have been recommended 
for the commercial grower. It should also be added that control of the 
second brood by chemicals is difficult and control of 60 to 70 percent is 
about as much as one can normally expect. Consequently the results al­
though poor still indicated some possibility of success. 
Experiments in 1956 
Since the work in ï955 had shown that good control of the first brood 
larvae could be obtained with granular carriers, and since these carriers 
were equal to or better than other methods of application which were tested 
in a preliminary manner, it was decided to confine the work in 1956 to 
granular carriers. Although the other methods showed some promise, and 
with carefully planned experiments might prove equally effective, it seem­
ed impossible to test all of them adequately, so the above limitation was 
made. 
Somewhat more elaborate experiments were planned and executed in 1956 
than was, the case in 1955. This of course involved the production and proc­
essing of larger amounts of Beauveria spores. A total of 22 experiments 
were conducted in the laboratory in developing pure cultures on agar, and 
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i n  i nocu la t i ng  b ran .  The  de ta i l s  o f  t hese  seem unnecessa ry  s i nce  t hey  
we re  r ou t i ne  p rocedu res  and  have  been  l a rge l y  cove red  i n  t he  ea r l i e r  sec ­
t i on  on  ma te r i a l s  and  me thods .  Seve ra l  l o t s  o f  Beauve r i a  we re  cu l t u red ,  
d r i ed ,  t hen  g round  and  spo res  sc reened  o f f  t he  b ran .  The  sc reen ing  i n  
195b  was  done  w i t h  a  l a rge ,  open ,  manua l l y  ope ra ted  sc reen .  The re  was  
an  app rec i ab l e  l oss  o f  spo res  by  t h i s  me thod .  
Fo l l ow ing  wo rk  w i t h  t he  d r y  Beauve r  i  a  spo res  a  ma rked  deb i l i t a t i on  
occu r red  on  t h ree  d i f f e ren t  occas i ons .  The  f i r s t  i ns tance  f o l l owed  t he  
packag ing  o f  seve ra l  l o t s  o f  t he  d r y  b ran -Beau_ve_ r j a_  m i x t u re .  Qu i t e  
no t i ceab le  c l ouds  o f  spo re  dus t  we re  ev i den t  bu t  i t  was  assumed  t hey  
wou ld  be  ha rm less  s i nce  no  one  had  p rev i ous l y  r epo r t ed  any  r eac t i on  f r om  
hand l i ng  t he  o rgan i sm .  A l so  du r i ng  t he  wo rk  i n  1955  wh i l e  wo rk i ng  w i t h  
l im i t ed  amoun t s  o f  t he  spo res  no  pe r cep t i b l e  r eac t i on  had  been  no ted .  
Howeve r ,  sho r t l y  a f t e r  wo rk i ng  i n  t he  heavy  concen t ra t i ons  o f  spo res ,  t he  
w r i t e r  expe r i enced  a  ch i l l ,  wh i ch  was  f o l l owed  by  f eve r ,  ach i ng ,  and  gen ­
e ra l  wea r i ness .  The  ch i l l  l a s t ed  on l y  abou t  an  hou r ,  bu t  t he  o the r  
symp toms  pe r s i s t ed  f o r  abou t  12  hou rs .  No  p recau t i ona ry  measu res  had  
been  t aken  t o  gua rd  aga ins t  i nha la t i on  o r  con tac t  w i t h  exposed  po r t i ons  
o f  t he  body .  
On  two  o t he r  occas i ons  a  de f i n i t e  and  deb i l i t a t i ng  reac t i on  occu r red  
f o l l ow ing  exposu re  t o  concen t ra t i ons  o f  t he  spo res .  I n  bo th  i ns tances  a  
r esp i r a t o r  was  used  bu t  t he re  was  no  p ro tec t i on  on  t he  a rms .  These  cases  
d i d  no t  s t a r t  w i t h  a  ch i l l  bu t  symp toms  o t he rw i se  we re  t he  same  as  t he  
f i r s t  r eac t i on .  Fo l l ow ing  t hese  t h ree  i ns tances ,  t he  w r i t e r  has  wo rn  
cove ra l l s ,  r ubbe r  g l oves  and  a  r esp i r a t o r ,  and  has  had  no  f u r t he r  de tec t ­
ab l e  r eac t i on .  
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A r epo r t  o f  t h i s  s i t ua t i on  was  subm i t t ed  t o  t he  Ce rea l  and  Fo rage  
I nsec t s  Sec t i on  o f  t he  Un i t ed  S ta tes  Depa r tmen t  o f  Ag r i cu l t u re .  A l l  
f i e l d  s t a t i ons  o f  t he  Ce rea l  and  Fo rage  I nsec t s  Sec t i on ,  and  Heads  o f  
a l l  o t he r  sec t i ons  we re  no t i f i ed  o f  t h i s  s i t ua t i on  as  a  p recau t i on  t o  
anyone  wo rk i ng ,  o r  con temp la t i ng  wo rk  w i t h  Beauve r i a .  
Fo l l ow ing  t he  subm iss i on  o f  t h i s  r epo r t ,  D r .  S .  R .  Du t ky  o f  t he  
I nsec t  Pa tho logy  Labo ra to r y  o f  t he  Un i t ed  S ta tes  Depa r tmen t  o f  Ag r i ­
cu l t u re  repo r t ed  a  s im i l a r  r eac t i on  f r om  t he  ca re l ess  hand l i ng  o f  
Beauve r i a  a t  h i s  l abo ra to r y .  
Seve ra l  mon ths  a f t e r  t hese  r eac t i ons  t he  w r i t e r  was  r eques ted  t o  
t ake  a  t ho rough  phys i ca l  exam ina t i on  t o  de te rm ine  i f  t he re  m igh t  be  any  
de tec tab l e  l i nge r i ng  i n j u r y  o r  r eac t i on .  A l l  t es t s  f a i l ed  t o  show  any  
i n f l uence  f r om  t he  r eac t i ons .  Even  a  s k i n  t es t  f a i l ed  t o  show  any  
sens i t i v i t y  t o  t he  o rgan i sm .  
I n  add i t i on  t o  Beauve r  i a ,  t he  Bac  i 11  us  t hu r i ng i  ens  i  s  was  r ece i ved  i n  
t he  sp r i ng  o f  1956  i n  t ime  f o r  check i ng  i n  t he  l abo ra to r y .  Seve ra l  cu l ­
t u r i ng  and  l a r va l  mo r t a l i t y  t es t s  we re  made .  A l so  seve ra l  sma l l  l o t s  o f  
t hu r i  ng  i  ens  i  s  we re  cu l t u red  on  b ran  i n  f l a sks  f o r  subsequen t  f i e l d  wo rk .  
As  t he  ma t t e r  o f  app l y i ng  d i sease  o rgan i sms  on  g ranu la r  ca r r i e r s  was  
an  i nnova t i on  f o r  co rn  bo re r  con t r o l  t he  two  p rob lems  wh i ch  seemed  mos t  
u rgen t l y  i n  need  o f  e l uc i da t i on  we re  t ime  o f  app l i ca t i on  and  amoun t  o f  
spo res .  Acco rd i ng l y ,  seve ra l  expe r imen t s  we re  des i gned  a l ong  t hese  l i nes .  
T ime  o f  app l i ca t i on  he re  r e f e r s  t o  t he  pe r i od  o f  app l i ca t i on  i n  r e l a t i on  
t o  t he  seasona l  deve lopmen t  o f  t he  l a r vae .  
T rea tmen t s  we re  r ep l i ca ted  f ou r  t imes  i n  a l l  f i e l d  expe r imen t s ,  w i t h  
one  excep t i on  when  f i ve  r ep l i ca tes  we re  used .  I n  a l l  cases  20  i n  each  
49 
replicate or a total of 80 plants per treatment were dissected to check 
the results. 
Experiments for control of first brood 
An experiment on time of application was started on June 15. Other 
applications were made on June 20, 25, and 29. The two granular carriers, 
corn meal and attapulgite were used. As only meager information was 
available as to the amount of spores to be used, it was decided to run 
these tests using one part of spores to 500 parts carrier. A record was 
kept on the amount of carrier applied on each treatment so that it could 
be figured on a per acre basis. Applications in these tests were by 
hand, or as it is commonly called, the "pinch method." A small amount was 
taken between the fingers and thumb and sifted down on the plant. The 
amount of material falling on the plant was undoubtedly greater than would 
occur from a machine application but was the best approximation possible. 
A moderate amount fell to the ground since the application was meant to 
simulate as closely as possible a machine application. A bran-B. thurin-
giensis mixture was incorporated with attapulgite at the rate of 25 parts 
to 500 parts carrier and included in the experiment. 
Percent mortality as determined by the number of larvae recovered in 
the untreated plants in comparison to those in the treated plants is shown 
in table 3» Counts of larvae from the different applications and replica­
tions from which these figures were derived are given in table 12. It may 
be noted from table 3 that in general there was an increase in mortality 
as the season progressed. The exception on June 20 appeared to have a 
logical explanation. On June 19 a thunderstorm with .70 inch of rain ac­
companied by strong winds dislodged the corn plants to a point where they 
were leaning at quite a drastic angle. By June 20 they were still leaning 
at quite an angle; in fact so much so that a machine would not have been 
able to get through the field. The applications of Beauveria on corn meal 
and EL thurinqiensis were made in the usual manner of dropping the mater­
ials but it was realized that a good deal of it was rolling off on the 
ground due to the angle of the plants. To compensate for this angle of 
the plants the Beauveria on attapulgite was tossed into the whorl and leaf 
axils. The mortality was accordingly in line with the other applications. 
Table 3» Percent mortality of first brood larvae treated with Beauveria 
and B. thurinqiensis in time of application experiments, 1956. 
Organisms and carriers 
Time of Beauveria B. thurinqiensis 
application Corn meal Attapulgite Attapulgite 
June 15 64 34 40 
20 49 59 14 
25 86 59 51 
29 90 76 52 
As might be expected from applying materials by hand, there was some 
difference in rate of application. This varied from a minimum of 8 pounds 
per acre to 13 pounds per acre, or a difference of 5 pounds per acre. The 
lighter applications were on the first two dates, while the heavier ones 
were on the last two. This variation was the result of a more or less 
uniform coverage of the rapidly growing corn plants. The idea of weighed 
amounts for each plot had been considered but was not carried out as it 
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was thought that uneven distribution from such a method might bias re­
sults as much as the difference in application. As a result of this var­
iation in amount of material applied it could not be definitely stated 
that mortality increased as the season advanced. The additional material 
might have been as important as the time of application. 
The mortality resulting from the application of B. thurinqiensis, 
also shown in table 3, was relatively low for first brood control. How­
ever, considering the chunky condition of the culture medium, hence lack 
of distribution through the carrier, it seemed as promising as one might 
expect. At any rate it was thought it might warrant further testing in 
another year. 
Three experiments were carried out for determining varying amounts 
of Beauveria spores per unit of carrier. In the first experiment corn 
meal was used as the carrier. Beauveria spores were incorporated at the 
rates of one and two parts for 500 parts of carrier. Since there was a 
possibility of the untreated carrier having some influence on survival, 
this was also used. Checks having no treatment were used as a standard 
of comparison. On the basis of larval survival, the one and two parts of 
Beauveria reduced the population 69 and 55 percent respectively over the 
untreated check. This was a reversal of the expected mortality. The dif­
ference was not significant. The untreated corn meal had a population 
increase of 45 percent. This also was rather surprising since it had been 
assumed the carrier would have neither adverse nor bereficial effects on 
the larvae. 
The second experiment was a comparison of one and two parts of 
Beauveria to 500 parts of attapulgite granules, as well as the untreated 
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granules. The reduction was 33 and 44 percent for the one and two parts 
of spores, respectively. The untreated granules showed an increase of 21 
percent over the untreated corn. It accordingly appeared that the larvae 
were deriving some beneficial reaction from both the corn meal and clay 
granules. 
In the third test Beauveria spores were incorporated at one and three 
parts per 500 parts carrier. Both corn meal and attapulgite were used, 
but no untreated carriers were included. The one and three parts in corn 
meal gave 69 and 87 percent reduction respectively, while the one and three 
parts in attaclay gave 44 and 80 percent reduction. The reductions, or in­
creases, in these three tests are shown in table 4. Table 13 shows the 
number of larvae that were recorded in the various replicates and treat­
ments as the basis for the percentages of table 4. 
The fourth experiment on rate of spores in the carrier was applied on 
July 3» which was quite late for first brood control. In fact some larvae 
had reached the fifth instar. Casual observations and dissections had in­
dicated that control in the earlier experiments was not as good as in 
1955. Accordingly it was decided to try a heavy application to see if 
mortality comparable to 1955 could be obtained. Instead of using the 
spore concentrate, the crude bran-Beauveria mixture was incorporated with 
corn meal and attapulgite at the rate of 50 and 100 parts per 500 parts of 
carrier. This procedure was directly comparable to the 1955 method, al­
though these rates were believed to be higher than was used in 1955. Also 
a heavy application of 25 pounds per acre was made. 
The number of larvae recovered in the different replicates, as well 
as percent reduction from different treatments are given in table 5« It 
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Table 4. Percent control of first brood larvae following the application 
of different rates of Beauveria spores on different carriers. 
Experiment Corn meal carrier Attapulgite granules carrier 
number Q3 1 2 \ 0 1 2 \ 
1 +45 69 55 
2 - +21 33 41 
3 - 69 87 - 44 - 80 
a Figures represent parts of concentrated Beauveria spores per 500 
parts carrier. 
may be noted from table 5 that appreciable reductions were obtained. This 
was in the range anticipated from the 1955 work. Although the lower dos­
ages of disease organisms gave the greatest reductions, these differences 
must be attributed to experimental variation. The range of 78 to 98 might 
be expected, especially from such a late date of application when some of 
the larvae had tunnelled into the stalk and could not be reached by any 
amount of disease applied to the outside of the plant. 
Two tests were made on first brood larvae with the high-clearance 
machine shown in figure 2. Since this machine had been calibrated for at­
tapulgite granules it was decided to use these, in spite of the fact that 
somewhat better results had been obtained with corn meal. Fifty pounds of 
granules were placed in a cardboard box then one-half pound of bran-Beau-
veria mixture was screened into it. Alternate screening and mixing was 
undertaken tu attempt to get a thorough distribution of spores through the 
carrier. After considerable screening the residual bran was weighed and 
it was found that 43 grams of spores had been obtained. Not all of the 
spores were incorporated with the carrier since there had been some escape 
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Table 5. Number of larvae recovered and percent 




Corn meal carrier Attapulgite granules carrier Check 
Replicates 50* 100 50 100 0 
1 1 2 1 0 14 
2 0 2 1 2 6 
3 0 2 1 2 14 
4 0 3 0 1 7 
Total 1 9 3 5 41 
Percent control 98 78 93 88 
a Figures are parts bran-Beauveria mixture per 500 parts carrier. 
through drifting. Assuming all spores had been retained, this was still 
slightly under one part of spores to 500 parts carrier. 
Applications were made on two fields of commercially planted corn. 
One field had corn 5 to 6 feet tall and ready to tassel. The other was 
considerably younger and was only 2 to 3 feet tall. In the tall corn, 
plots were six rows wide by 66 yards long and were replicated four times. 
The smaller corn had eight row plots by 100 yards and treatments were rep­
licated five times. Both fields were treated June 27, at the rate of 20 
pounds per acre. 
Dissections of plants were made July 17 and 18. The reduction of the 
larval population was 31 percent in the tall corn and 33 percent in the 
small corn. This reduction was, of course, very poor from the standpoint 
of commercial control. However, if one compares these figures, that is 
31 and 33 percent, with the results in table 4 where one part of spores 
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was incorporated with 500 parts attapulgite, the results are quite close. 
That is, 33 and 44 percent reductions were secured from hand applications 
of the same concentrations. Of course if one checks also with table 3, 
considerably better results were secured with the one part spores to 500 
parts attapulgite. These results were however obtained slightly later in 
the season. 
As a summary of the work on the first brood in 1956 the following 
points seem warranted: (l) Control increased as the season advanced. 
Whether this was due to efficiency of the pathogens or an increase in 
rate of application is not known» (2) Control from using corn meal as a 
carrier for Beauveria spores was better than from attapulgite granules. 
(3) Control by using one part Beauveria spores in 500 parts attapulgite 
was not sufficient to achieve commercial control either when applied by 
hand or with a high-clearance machine; and (4) a heavy application of the 
bran-Beauveria either in corn meal or attapulgite gave good control even 
when applied late in the season. 
Experiments for control of second brood 
Two tests were made for determining possible control of the second 
brood. Although the work in 1955 had given only mediocre control it 
seemed advisable to at least make a few more tests. Even before undertak­
ing the second brood experiment in 1955 it was presumed this would not be 
as effective as for the first brood due to the difference in structure of 
the corn plant. By the time the second brood emerges corn has usually de­
veloped at least to a point where the tassel has emerged. Accordingly 
the whorl and the free water contained therein has disappeared. Also as 
56 
a rule there is very little moisture in the leaf axils. Hence the free 
moisture which is considered important for fungous growth has all been 
dissipated. 
The first application for second brood control was made August 15. 
A second application using the same materials but on different plots was 
made on August 23. Only attapulgite granules were used as the carrier for 
the disease organisms. Treatments were one and two parts Beauveria spores 
and 25 parts bran-B. thurinqiensis mixture to 500 parts carrier. In ad­
dition to the treated granules, the untreated granules were used. This 
was to determine if the untreated granules might have a stimulating in­
fluence on the second brood. Materials were applied at the rate of 20 
pounds per acre with the high clearance machine. 
Plants were dissected in late September. The reduction of 34 and 38 
percent for one and two parts Beauveria on the first date of application 
was quite comparable to the results obtained in 1955. The second date of 
application gave negligible results of II and 15 percent reduction. Some 
diseased specimens were noted during the dissections so there was no ques­
tion but what some mortality resulted from the application. The B. thurin­
qiensis gave negligible results in both tests. There was no increase in 
the larval population from the untreated carrier. 
Experiments in 1957 
Laboratory experiments 
Prior to starting the field work a number of laboratory experiments 
were carried out with both Beauveria and B. thurinqiensis. It was nec­
essary to build up clean cultures of Beauveria and inoculate a number of 
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batches of bran. As was the case ir |« previous laboratory work, some con­
tamination showed up in the early culiiltures. These had to be eliminated 
before cultures were ready for inocwl «Mating the bran* in one case there 
was a complete failure to inoculate bil bran, even though the inoculum was 
normal on agar slants. The only appaparent explanation for this was that 
the bran had been autoclaved for a lorn mger period than usual and this had 
caused a chemical reaction which prcdtMuced an unsatisfactory medium. With 
regard to this and other disappoint incmg trials the writer derived some con­
solation in talking with Or. K. L. Howcward of the Wa 11 erstein Company of 
New York City who stated that even in in their large commercial production, 
once an operation was stopped for a t il time to dispose of their excess stock 
it often took two weeks to a month to no get cultures properly prepared and 
production running smoothly again. AlMlong this same line, bran cultures 
occasionally progress nearly to maturiirity and suddenly turn brown due pre­
sumably to contamination. Dr. C. W. H Hessel tine of the Northern Regional 
Research Laboratory of Peoria, I II inofools warned that this was probably due 
to fungus mites which have a strong alsaffinity for fresh fungus and can 
readily penetrate the cotton plugs usessed as stoppers for the flasks. 
The laboratory work with £$. thur iiri r>g i ens i s also had several disap­
pointing results. In two tests littleMe or no mortality of larvae resulted 
from feeding the cultured organism. I This was probably caused by poor 
sporulation, or using the cultures befbefore proper sporulation. Steinhaus 
and Jerrel (1954) pointed out there t/aw/as a low infectivity from vegetative 
cells, consequently there was a necesassi ty for proper sporulation for max­
imum virulence. In spite of these prerel i in i nary setbacks, satisfactory cul -
turing of B. thurinqiensis was accompllcpli shed for subsequent field trials. 
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Experiments for control of first brood 
A somewhat more elaborate experiment than in 1956 was undertaken on 
timing. In this the two carriers corn meal and attapulgite granules were 
used. Each had two levels of Beauveria spores as well as the untreated 
carrier. Spores were incorporated at the rate of 2 and 10 grams per 
pound. The 10-gram rate was greater than any in 1956 when the relation­
ship was one, two, or three parts per 500 parts carrier. Check plots 
with no treatment were used to determine reductions from spores or in­
creases from the untreated carriers. All materials were applied at the 
rate of 12 pounds per acre with the high-clearance machine. Plots were 
four rows wide and 100 feet long in a randomized block design. 
The first application was made on June 15. At this time plants were 
only about a foot high. Other treatments were made on June 20, 25, 30, 
and July 6. By the time of the last treatment plants were about 6 feet 
high. 
A record was made of egg laying. This consisted of counting the egg 
masses on 40 plants in various parts of the field. The same plants were 
used for all counts and each egg mass was marked when first observed. The 
plants were scattered throughout a large field since the major portion of 
the field was used for testing insecticides. Plants were examined three 
times a week. 
The number of egg masses on the 40 plants was converted to number per 
100 plants since this is the figure common 1 y used in making recommenda­
tions for timing of insect icidal treatments. For first brood control with 
insecticides the present recommendation is to start spraying when total 
egg masses reach 50 per 100 plants (U. S. Dept. Agri. 1955). An alternate 
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recommendation that omits the need for counting egg masses is to spray 
when 75 percent of the plants show leaf feeding (U. S. Dept. Agri. 1955; 
North Central Advisory Committee 1957). Since timing is an important con­
sideration in applying insecticides, it seemed equally important to have 
the same information for applying disease organisms. The data relative 
to egg deposition as well as leaf feeding by young larvae are given in 
table 6. 
Table 6. Corn borer infestation data on experimental plots, 1957. 
Egg masses Egg hatch Leaf damage 
New per Accumulated Fresh Accumulated 
40 plants Per 40 Per 100 per 40 Per 40 Per 100 Per 40 Per 100 
June 10 1 1 3 0 
12 1 2 5 0 
14 15 17 43 0 
17 35 52 130 1 1 3 
19 35 87 228 4 5 13 
21 28 115 288 20 25 63 3 8 
24 7 122 305 25 50 125 12 30 
26 1 123 308 18 68 160 17 43 
28 2 125 313 5 73 183 18 45 
July 1 0 125 313 1 74 185 34 85 
The degree of control achieved is shown in table 7. Data on number 
of larvae in various plots and treatments from which these percentages were 
derived are given in table 14. It may be noted from table 7 that the re­
duction was relatively poor, especially if considered in the light of prac­
tical control. Also the major reduction with corn meal as the carrier 
occurred on the dates of June 20, 25, and 30. In contrast to this, the 
control in 1955 increased as the season progressed up to June 29 when the 
work was terminated. The control with attapulgite as a carrier was ex­
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tremely poor. The untreated carriers showed a tendency to decrease the 
population with early and middle applications, and only a slight increase 
on the later dates. This again was a contrast to the 1955 results when 
appreciable increases were noted from the untreated carriers. 
Another experiment was conducted using corn meal with 3 grams of 
Beauveria spores per pound. In this experiment applications were made 
with the high-clearance machine at rates of 12 and 20 pounds per acre. 
Table 7. Percent control of first brood larvae treated with two carriers 
and two rates of Beauveria spores, 1957. 
Date of Corn meal carrier 
treatment 0a 2 10 
June 15 5 13 17 
20 17 55 58 
25 30 44 65 
30 8 48 50 
July 6 +5 8 23 
Attapulgite granules carrier 
0 2 10 
30 1 22 
17 25 25 
6 33 14 
+11 1 22 
+17 +6 +7 
a Figures represent the number of grams of Beauveria spores per 
pound of carrier. 
One set of plots was treated on June 29 and another on July 6 while a 
third set of plots received treatments on both dates. In this experiment 
all four rows of the plot wore treated but only the two center rows were 
used for checking the reduction. On large corn with leaves practically 
touching across the rows there was some carrier that went to the row next 
to the one being treated. Hence by treating the four rows the two center 
ones had a typical treatment whereas when only two rows were treated there 
was a very slight reduction from a standard treatment. However, the extra 
time and money expended for treatment of the two extra rows was not felt 
to be warranted for most of the experiments. If all plots were treated 
on a two-row basis the results would be slightly below the maximum ef­
ficiency of the method, but the experimenters would be on the safe side. 
The results, expressed as percent reduction, are given in table 8. 
Although the application of 20 pounds per acre showed a trivial advantage 
over the 12 pound rate on June 29 as well as the double application, the 
reverse was true on July 6. As a further complication it may be noted 
that on the double applications both the 12 and 20 pound rates were be­
low that of the single application. Since the same material was used 
on all plots and applied within an hour's time, the results were probably 
due to sampling variation. 
Table 8. Percent reduction of first brood larvae by treatment with 3 grams 
of Beauveria spores per pound of corn meal, 1957. 
Time of Pounds of corn meal per acre per application 
appl ication 12 20 
June 29 67 70 
June 29 and July 6 62 63 
July 6 56 34 
In comparing the results of this experiment with those of timing 
shown in table 7» it may be noted that the reduction was somewhat greater 
in this experiment. For instance, the reduction in the timing experiment 
was 48 and 50 percent for 2 and 10 grams of spores on June 30 while in 
this experiment it was in the range of 60 to 70 percent on June 29* Like­
wise on July 6 in the timing experiment the reduction was only 8 and 23 
percent while in this experiment it was in the neighborhood of 50 percent. 
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No adequate reason can be given for this, although several possibilities 
could be advanced. 
One experiment was conducted on sweet corn. Two carriers, sterilized 
and unsterilized corn meal were used. Beauveria spores were incorporated 
at the rate of 3 grams per pound. Both carriers were applied at the rates 
of 12 and 20 pounds per acre with the high-clearance machine. Materials 
were applied on June 29. Sweet corn was nearly to the tassel stage. 
Dissections of the plants indicated very poor control. In fact only 
the sterilized corn meal showed any reduction, and this amounted to only 
20 percent for the 12-pound per acre rate and 44 percent for the 20 pounds. 
The 12 pounds of unsterilized corn meal was identical with the check while 
the 20 pounds showed only 7 percent reduction which was of course neglig­
ible. 
In another experiment where sterilized and unsterilized corn meal were 
used the results obtained with the two carriers were virtually identical. 
These applications also had three grams of spores per pound but were applied 
by hand to field corn. The reduction was 54 percent for sterilized corn 
meal and 55 percent for the unsterilized corn meal. In this same experi­
ment attapulgite granules were used with 3 grams of spores as well as atta­
pulgite granules mixed with 10 percent by weight of cotton seed oil then 
the 3 grams of spores added. Counts of the larvae in plants treated with 
plain attapulgite showed only 28 percent reduction while the addition of 
cotton seed oil gave no reduction. The larval counts on the 40 plants of 
each treatment were as follows: check 232, attapulgite plus oil 232, plain 
attapulgite 167, sterilized corn meal 107, and unsterilized corn meal 105. 
Of course this reduction was far from what was expected and far from a 
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satisfactory control. 
Only one experiment was undertaken with Baci1 lus thurinqiensis on the 
first brood. This was rather late in the season since the main emphasis 
was to obtain as much information as possible on Beauveria. The ground 
bran-E). thurinqiensis mixture was added to sterilized corn meal at the 
rates of 2, 10, and 50 grams per pound. This was applied by hand at a 
heavy rate to field corn on July 5» On July 8 a casual examination was 
made of some of the plants. Dead larvae, with the typical black appear­
ance of mortality from B. thurinqiensis, were quite common on the heavier 
treated plots. 
Plants were dissected on July 19. The total number of larvae from 
the ten plants in each plot are recorded in table 9. Also included in this 
table are the totals for the treatments and the percent control. The con­
trol of 85 percent was considered very good, especially in view of the 
lateness of the application. The mortalities of 46, 63, and 85 for the 
2, 10, and 50 gram treatments tend to bear out the findings of McConnel1 
and Cutkomp (1954) that heavy dosages of B. thurinqiensis are required to 
cause mortality of large larvae. 
Experiments for control of second brood 
Two experiments were undertaken on timing of applications in relation 
to control of second brood larvae. These experiments included single, 
double, and triple applications. The applications were made at weekly 
intervals, with one exception, and extended over a six weeks period. 
Sterilized corn meal was used as the carrier, and Beauveria spores were 
added at the rate of 5 grams per pound. Here again there was one excep-
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Table 9. Corn borer survival on plots treated with various amounts of 
B_. thurinqiensis, 1957. 
Replicate 2b 
Treatments 
10 50 0 
1 16 23 7 61 
2 34 18 12 48 
3 26 17 9 45 
4 29 10 4 28 
5 18 15 3 46 
Total 123 83 35 228 
Percent control 46 63 85 
a Ten plants dissected from each plot. 
k Figures represent the number of grams of bran-B. thu ringiens i s 
mixture per pound cf sterilized corn meal. 
tion in that the first application had only 3 grams of spores per pound. 
All applications were at the rate of 20 pounds per acre per treatment, 
and were made with the high-clearance machine. The first treatment was 
applied July 25 and the last on August 30. 
The two fields selected had different development of the corn plants 
due to the difference in time of planting. One field planted on May 22 
had typical mid-season date of planting growth in that the stalks were 
nearly all tassel led. The planting of June 1 had only a few stalks with 
tassels beginning to emerge. June 1 is about as late as corn is planted 
in the area. The fields were selected on the basis of this difference in 
growth to see if this might affect control. Also it was felt there might 
be a difference in the larval population which in turn might influence con­
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trol. 
A record of the egg deposition was made in each field. Such records 
were considered important in relating control to development of the bor­
er, rather than to calendar periods. The development of the insect may 
vary two or three weeks in different years depending on climatic condi­
tions. Records of the egg masses deposited on 40 plants, the accumulated 
egg masses on 40 plants, and the conversion of accumulated egg masses to 
a 100 plant basis are given for both fields in table 15. 
The percent reduction of the larvae from the various applications in 
both fields is shown in table 10. The larval counts from which these per­
centages were derived are given in tables lb and 17. It may be noted in 
table 10 that for single treatments the first date of application gave the 
best control. For the May 22 planting, the first four dates for the sin­
gle applications gave moderate control. On the other hand in the June 1 
planted field only the first application gave appreciable control. 
In the case of the double and triple applications, the May 22 plant­
ing showed no increase in control. In contrast to this in the June 1 
planting, increased control was manifest in both the double and triple 
applications during the early period. Neither field showed appreciable 
control from late applications. 
The results obtained were quite surprising, especially in view of 
present recommendations for control with insecticides. The present recom­
mendations call for treatment when 100 egg masses per 100 plants are 
present. (North Central States Recommendations 1957.) These experiments 
were accordingly planned so that the first applications would be in ad­
vance of the earliest date recommended for chemical control on the assump-
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Table 10. Percent reduction of second brood larvae following applica­
tion of Beauveria spores in two fields planted at different 
dates in 1957. 
Date of Date of planting of fields 
appl icationa May 22 June 1 
1 59 50 
2 54 20 
3 41 33 
4 42 18 
5 13 10 
6 35 26 
1 -2b 54 57 
2-3 50 60 
3-4 26 42 
4-5 28 28 
5-6 +7 +8 
1-2-3= 56 70 
2-3-4 57 60 
3-4-5 30 40 
4-5-6 35 25 
a 1 applied July 25 4 applied Aug. 14 
2 applied July 31 5 applied Aug. 21 
3 applied Aug. 7 6 applied Aug. 30 
Two treatment series with one application on each date. 
0 Three treatment series. 
tion that the subsequent applications would delimit the optimum time for 
control with Beauveria. Since the best control was obtained on July 25, 
and a glance at table 15 shows that no egg masses were present on July 24 
and only ten per 100 plants on July 26, it is apparent that timing exper­
iments for second brood control with Beauveria should be started well in 
advance of any egg laying. 
One experiment was conducted for a comparison of Beauveria and j$. 
thurinqiensis on second brood control. On the basis of first brood work 
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with B, thurinqiensis. 50 grams of the bran-B. thurinqiensis mixture was 
incorporated with a pound of sterilized corn meal. For a direct compari­
son 50 grams of the bran-Beauveria mixture was also incorporated with a 
pound of the sterilized corn meal. Both were applied at 20 pounds per 
acre with the high-clearance machine. 
On the supposition that best control with disease organisms could be 
obtained when 100 or more egg masses were deposited, the applications 
were delayed until August 7. A second application was made August 14. A 
double treatment, that is applications on both dates, was also made. The 
results are shown in table 11. 
Table 11. Percent reduction of second brood larvae when treated with 
Baci1 lus thurinqiensis and Beauveria in 1957. 
Date of 
application 11. thurinqiensis Beauveria 
August 7 42 20 
14 31 32 
August 7 and 14 77 34 
It may be noted in table 11 that only the double application of B. 
thurinqiensis gave a good control. However this was considered very good 
for second brood control. It was equal to the best control with two 
treatments with DDT either in sprays or on granular carriers. The Beau­
veria even at 50 grams per pound failed to cause any greater reduction 
than at the 5 grams of spores per pound in the timing experiment. 
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CONCLUSIONS 
Experimental work has shown that control of European corn borer lar­
vae on corn plants can be obtained by the application of disease organ­
isms. Thus an alternative method of control is available should one or 
more of the earlier mentioned factors regarding chemical control cause a 
reduction or cessation of the use of chemicals. 
The use of granular materials for applying disease organisms to corn 
plants was a new technique which proved to be quite satisfactory. How­
ever the structure of the corn plant, and the feeding habits of European 
corn borer make this a unique situation. Granular carriers for the ap-
plication of disease organisms for control of other pests could not be 
recommended, but each problem would need special study. 
A moderate degree of control was obtained by applying Beauveria 
spores in sprays and dust. This work was restricted to only a few tests. 
Since these are the methods of application generally used in microbial 
control they deserve further testing before being considered as inferior 
to the granular method for control of the European corn borer. 
The culturing of Beauveria on bran for the production of spores for 
field tests was a modification of a method reported by McCoy and Carver 
(1941). Although this method was satisfactory, a number of other plant 
products have been used as culture media for Beauveria. There is accord­
ingly a possibility that more efficient and cheaper methods of producing 
Beauveria might be found. 
These studies were the first to show a definite reaction to humans 
when exposed to concentrations of Beauveria spores. Until the exact na­
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ture and potential danger from such exposure is known, anyone working with 
this organism should use all due precautions to avoid exposure to the 
spores. 
Bacillus thurinqiensis was successfully cultured on commercial feed 
bran. This method may prove to be cheaper than commercial methods now in 
use and is worthy of consideration for future production. 
Although both the organisms, the fungus Beauveria and the bacterium 
Baci1 lus thurinqiensis gave good control of the European corn borer, the 
Baci1 lus has one advantage from the standpoint of commercial handling and 
distribution. The spores retain their viability for several years, as 
evidenced by the fact that the material produced in 1952 was still being 
used for culturing on bran in 1957. Hence if the commercial preparations 
of IB. thurinqiensis were not used one year they could be held over and 
used at a later date. In view of this advantage, and since the work with 
13. thurinqiensis in these studies was rather limited, additional work 




A revival of interest in control of the European corn borer by dis­
ease organisms was stimulated by possibilities of the insect developing 
resistance to chemicals, possible changes in regulations regarding the 
use of insecticides, and potential harmful accumulations of insecticides 
in the soil. Other encouraging factors were recent advances made in mi­
crobial control, as well as the relatively new use of granular carriers 
in corn borer control. 
Beauveria bassiana was obtained from corn borers which succumbed to 
the disease from natural infection. Bacillus thurinqiensis was received 
from Or. C. G. Thompson of the insect pathology laboratory of the U.S.D.A. 
Both organisms were cultured on commercial feed bran to obtain quantities 
sufficient for field trials. After sufficient time had elapsed for matur­
ity of Beauveria, the culture was dried then sacked and stored until ready 
for use. Prior to using, the stored material was ground, sieved to re­
move large bran particles, and then incorporated with various materials 
for applying on corn plants. Baci1 lus was handled in the same manner ex­
cept that it was not sieved, the entire culture medium being incorporated 
with a granular carrier. 
The writer experienced a marked debilitation from exposure to high 
concentrations of the Beauveria spores. This type of reaction had not 
been reported in any previous work on Beauveria which the writer reviewed. 
Beauveria was applied to the corn plants in water sprays, in flour as 
dust, and on granular carriers. Early work indicated that granular car­
riers were eausi, or superior to other methods of application. As a re-
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suit all the later work was done with corn meal or attapulgite, both serv­
ing as granular carriers. All applications of Baci11 us were on granular 
carriers. All field tests were conducted at Ankeny, Iowa on commercially 
grown hybrid corn. 
In 1955 the average reduction of the first brood larvae in four tests 
using sterilized corn meal as a carrier for Beauveria spores was 88 per­
cent, while attapulgite granules in the same tests gave 78 percent reduc­
tion. Maximum reduction of the second brood population was 42 percent. 
In first brood timing experiments in 1956 the highest mortality of 90 
percent was obtained on the last date of application of June 29. One gram 
Beauveria spores to 500 grams corn meal was used. One part spores to 500 
parts attapulgite applied at 20 pounds per acre with a high-clearance ma­
chine did not give satisfactory results. Second brood experiments also 
failed to give satisfactory control. 
In the 1957 timing experiment on the first brood best results were ob­
tained on June 25, with nearly equal results on June 20 and June 30. In 
an experiment on 12 and 20 pound rates per acre using 3 grams of spores 
per pound, there was no appreciable difference in control. The reduction 
was from 60 to 70 percent. 
Best results in the second brood timing experiment were obtained from 
the first and second applications. Although the reductions were in the 50 
to 60 percent range they were comparable to insecticides. Two and three 
applications failed to materially increase the control. 
Two, 10, and 50 grams of Baci11 us per pound of corn meal gave 46, 63, 
and 85 percent reduction of the first brood. Two, 20-pound applications 
of corn meal and Baci1 lus at 50 grams per pound gave 77 percent control 
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of  the  second b rood.  Th is  was comparab le  to  two app l i ca t ions  o f  DDT in  
o ther  exper iments .  S ing le  app l i ca t ions  o f  Bac  i l  lus  fo r  second brood con­
t ro l  were  equa l  to  Beauver  i  a .  
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Table 12. Effect of time of application of Beauveria and B. thurin-
giensis on survival of first brood larvae, 1956. 
Beauveria Baci1 lus 
Replicate Corn meal Attapulgite Attapulgite Check 
Number Number Number Number 
June • 5 
1 7 23 11 30 
2 10 7 12 18 
3 4 10 16 15 
4 9 15 11 20 
Total 30 55 50 83 
June 20 
1 14 5 6 11 
2 7 2 17 15 
3 2 5 9 10 
4 3 9 12 15 
Total 26 21 44 51 
June 25 
1 3 4 6 16 
2 1 4 6 8 
3 0 7 10 10 
4 3 6 3 17 
Total 7 21 25 51 
June 29 
1 1 4 6 15 
2 2 4 11 15 
3 1 4 3 10 
4 2 2 8 18 
Total 6 14 28 58 
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Table 13. Number vf corn borer larvae surviving the application of 
varying quantities of Beauveria spores on two different 
carriers, 1956. 
Replicate 
Corn meal Atfgpulqite 
Check 0ti 1 2 ? 0 12 3 
1 30 3 5 10 
2 24 5 6 13 
3 14 3 6 18 
4 16 7 9 17 
Total 84 18 26 84 
1 22 5 II 16 
2 13 11 7 16 
3 17 11 7 13 
4 18 12 9 13 
Total 70 39 34 58 
1 4 0 7 4 9 
2 2 0 10 1 18 
3 2 1 5 1 12 
4 6 5 3 3 6 
Total 14 6 25 9 45 
a Figures represent amount of spores per 500 parts carrier. 
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Table 14. Number of corn borer larvae recovered following the applica­
tion of two carriers with and without Beauveria spores. 
First brood 1957. 
Treatments 
Date and Carrier — Corn meal Attapulgi te None 
repl icates Beauveria — 0 2 10 0 2 10 0 
June 15 
1 24 25 23 14 21 11 7 
2 25 23 14 17 18 10 21 
3 26 25 19 21 26 25 46 
4 31 24 37 27 46 41 38 
Total 106 97 93 79 111 87 112 
June 20 
1 29 14 14 23 24 27 19 
2 24 10 6 23 23 12 31 
3 22 12 22 34 22 20 25 
4 20 15 6 15 17 26 39 
Total 95 51 48 95 86 85 114 
June 25 
1 20 15 10 18 6 10 15 
2 22 15 6 23 15 33 36 
3 20 13 5 31 24 18 24 
4 9 13 14 23 23 26 26 
Total 71 56 35 95 68 87 101 
June 30 
i 14 6 5 32 29 22 25 
2 20 12 19 23 15 11 9 
3 17 17 10 32 22 21 30 
4 33 12 11 14 24 17 27 
Total 84 47 45 101 90 71 91 
July 6 
1 24 25 10 13 25 23 28 
2 21 15 21 29 18 30 22 
3 21 22 18 26 24 12 21 
4 24 17 17 33 24 27 15 
Total 90 79 66 101 91 92 86 
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Table 15. Second brood corn borer egg deposition record, 1957. 
Field planted May 22 
Egg masses 
Field planted June 1 
Accumulated Accumulated 
New on on 40 Per 100 New on on 40 Per 100 
Date 40 plants plants plants 40 plants plants plants 
July 24 0 0 0 0 
26 4 4 10 1 1 2.5 
29 3 7 17.5 3 4 10 
31 3 10 25 5 9 22.5 
Aug. 2 15 25 62.5 10 19 47.5 
5 15 40 100 12 31 77.5 
7 14 54 135 9 40 100 
9 5 59 147.5 4 44 110 
12 23 82 205 17 61 152.5 
14 25 107 267.5 14 75 187.5 
16 0 107 267.5 6 81 202.5 
19 5 112 280 6 87 217.5 
21 0 112 280 0 87 217.5 
23 0 112 280 0 87 217.5 
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Tab le  l b .  E f fec t  o f  da te  o f  app l i ca t i on  o f  Beauve r  i  a  on  con t ro l  o f  co rn  
bo re r  i n  f i e l d  p lan ted  May  22 ,  1957 .  
Da te  o f  app l i ca t i on  o f  Beauve r i aJ_ /  
Rep .  1  2  3  4  5  6  Check  
1  1  6 a  1  6  24  27  45  19  21  
2  9  16  16  26  16  1 6  30  
3  13  18  1  1  12  34  29  38  
4  15  9  24  9  16  19  39  
To ta  1 53  59  75  74  111  83  128  
1 - 2 b  2-3  3 -4  4 -5  5 -6  
1 15  13  21  15  30  18  
2  4  9  31  22  24  22  
3  7  14  17  20  20  25  
4  21  15  7  16  35  37  
To ta  1 47  51  76  73  109  102  
1  - 2 -3  2 -3 -4  3 -4 -5  4 -5 -6  
1 16  18  33  16  20  
2  14  8  17  13  22  
3  7  13  21  18  23  
4  9  6  10  21  40  
To ta  1  46  45  81  68  105  
— 1 -  app l i ed  Ju l y  25  
2  -  : 1  31  
3  -  "  Augus t  7  
4  -  ' •  "  14  
5  -  "  "  2 1  
6 - " " 30 
Check  -  no  t rea tmen t  
a  Number  o f  l a r vae  f rom 10  p lan ts ,  
k  App l i ca t i ons  on  da tes  i nd i ca ted .  
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Tab le  17 .  Second-brood la rvae  recovered  in  t im ing  exper iments  wi th  
Beauver  i  a  i n  f i e ld  p lan ted  June  1 ,  1957 .  
Date  o f  app l i ca t ion  o f  Beauver  ia—^ 
Rep.  1  2  3  4  5  b  Check  
1  14 a  31  32  26  29  34  21  
2  25  34  26  29  39  41  65  
3  24  36  41  49  50  39  51  
4  31  50  29  50  53  25  53  
To ta  1  94  151  128 154  171  140  190  
1  - 2 b  2-3  3 -4  4 -5  5 -6  
1 15  10  26  20  23  33  
2  21  12  24  26  46  38  
3  15  14  1 o  34  45  50  
4  17  26  25  33  55  35  
To ta  1 68  62 91  113  169 156  
1 -2 -3  2 -•3 -4  3  - 4 - 5  4 -5 -6  
1 7  25  30  26 39  
2  13  1  0  21  33  59  
3  15  1  1  30  38  42  
4  20  23  32  44  48  
To ta  1 55  75  113  141  188 
—/ 1  -  app l i ed  Ju l y  25  
2  -  ' •  31  
3  -  Augus t  7  
4  -  "  14  
5 -  "  21  
6 - " 30 
Check  -  no  t rea tmen t  
a  Number  o f  la rvae  f rom 1U p lan ts ,  
k  App l i ca t ions  on  da tes  ind ica ted .  
